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The invention relates to a housing arrangement to accommodate the power and control elec- 
tronics of an electric motor, where this housing arrangement can also include the electric mo- 
tor itself. 

The invention relates in general to the field of electronically commutated, brushless DC mo- 
tors. These kinds of motors may find application in a variety of different areas such as in 
automobile technology for blowers, coolant pumps or to support the steering system. Other 
areas include, for example, fan blowers in power supplies or spindle motors in hard disk 
drives for data processing systems, to name but a few possible applications. 

An electronically commutated, bmshless DC motor basically consists of a shaft, a rotor as- 
sembly having one or more permanent magnets arranged on the shaft and a stator assembly 
comprising a stator core and phase windings. Two bearings spaced apart axially are arranged 
on the shaft for the purpose of joumaling the rotor assembly and the stator assembly v^dth re- 
spect to each other. 

Figure 1 shows a schematic diagram of a circuit to drive a three-phase DC motor. In the illus- 
trated embodiment, the control circuit comprises six power transistors as well as other control 
electronics, not illustrated in the drawing, which control the operation of the DC motor. In 
the prior art it is standard practice to set up the control electronics for the DC motor on a 
printed circuit board as a closed unit which is plugged into the motor or connected to the mo- 
tor in some other way. The electronic circuit board is connected to the motor via connecting 
wires and leads which are connected to the circuit board through soldering, using connectors 
or any similar means. Plug-in and soldered connections, as well as the length of the leads, 
increase the electrical resistance of the DC motor and consequently reduce the electric voltage 
available at the motor windings. 

The power components of an electric motor, particularly a heavy-duty electric motor in a 
harsh environment, such as in a motor vehicle, are often heated to temperatures of over 
lOO^C. To avoid overheating, it is therefore necessary to cool such power components in or- 
der to prevent their premature breakdown. 
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On the other hand, it is necessary to accommodate the power components as well as the con- 
trol components of the electric motor on electrically insulating circuit boards and to connect 
them to each other. It is thus common practice to make the substrate of conventional circuit 
boards from a plastic having good electrically insulating properties, A plastic of this kind, 
however, has poor thermal conductivity. 

A circuit board material which is not only electrically insulating but also conducts heat well is 
known (company publication "The T-Lam System - T-Guide for performance", 
THERMAGON Inc., Ohio/USA, 16.11.1999). 

The object of the invention is to provide an arrangement to accommodate the power and con- 
trol electronics of an electric motor which meets the requirements, on the one hand, for good 
thermal conductivity of the heat generated in the power components and, on the other hand, 
for good electrical insulation of both the power components and the control components, 
combined with a simple, space-saving, low-cost design and construction. 

To achieve this object, a housing arrangement according to claim 1 is provided. 

By separating the power components from the control components according to the invention 
and by arranging these two groups of components spaced apart from each other on two sepa- 
rate circuit boards of differing consistency, and also by associating a cooling element only 
with the circuit board carrying the power components, the object is achieved through a sur- 
prisingly simple and low-cost design and construction, and in an effort to save costs, using 
only expensive circuit board material for the second circuit board and not for the first circuit 
board which can be made of conventional circuit board plastic which, although having good 
insulating properties, has poor thermal conductivity. 

On the one hand, the invention ensures good thermal connection of the power semiconductors 
to the heat sink and, on the other hand, enjoys the advantage of far-reaching thermal decoup- 
ling of the power electronics from the control electronics. As a result, the power electronics 
which heat up to a greater extent cannot influence the operation of the control electronics. In 
addition, a very compact design for the entire electronic assembly is produced which takes up 
only a limited space in the electric motor. The arrangement according to the invention is 
moreover vibration-proof, particularly since there is no need for extra connections via the 
phase windings and the control lines. 
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The two circuit boards are preferably not connected to each other using cable connector tech- 
nology as is known in the prior art, but rather by using special power semiconductor housings 
in which the connecting pins of the power semiconductors can be bent as required. 

In a further development of the invention, the first circuit board is arranged above the copper 
layer of the second circuit board, being spaced apart from it and essentially parallel to it. It is 
particularly advantageous if the plastic layer of the first circuit board is covered with a copper 
coating on both sides so that tracks can be formed on the underside of this circuit board as 
well, which goes to save space and, despite the power and control components being arranged 
on different circuit boards, allows the components of the opposing tracks of the two circuit 
boards, and thus the electrical components, to be connected to each other easily. 

The cooling element, that preferably has a thick-walled aluminum plate, is only connected 
directly to the second circuit board in a thermally conductive way since the power compo- 
nents arranged on the first circuit board do not heat up significantly during operation and thus 
do not require any special cooling. 

The second circuit board is preferably constructed in three layers consisting of a copper layer, 
a ceramic layer with good thermal conductivity and electrically insulating properties and a 
metal layer, a metal having good thermal conductivity, such as aluminum or an aluminum 
alloy, being used as the metal layer. 

A preferred circuit board material of this type is described in the abovementioned company 
publication and is available on the market imder the name "Thermagon IMpcb". 

Further beneficial embodiments of the invention are cited in the other subordinate claims. 

The invention is described in more detail below on the basis of an embodiment with reference 
to a schematic drawing. 

The figures show: 

Figure 1 a schematic circuit diagram of the control electronics for a three-phase DC mo- 
tor; 

Figure 2 a schematic block diagram of the basic structure of the arrangement according 
to the invention; 
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Figure 3 a preferred embodiment of a housing arrangement according to the inven- 
tion in a partially sectioned view; and 

Figure 4 an arrangement of several power transistors showing how they could be ap- 
plied in the invention. 

Figure 1 shows a schematic circuit diagram of the control electronics for a three-phase DC 
motor. The DC motor comprises three phase windings U, 112; V, 114; W, 116, which are 
schematically shown in figure 1 in a star connection 110. The three vsdndings 112, 114, 116 
are connected between a positive supply rail 118 and a negative supply rail 120. The positive 
supply rail 118 carries the potential +Ubat, and the negative supply rail 120 carries the poten- 
tial — Ubat. The phase windings 112, 114, 116 are connected via six power switching compo- 
nents Tl, 122; T2, 124; T3, 126; T4, 128; T5, 130; T6, 132 to the supply rails 118, 120 ac- 
cording to control signals. The power switching components 122 to 132 are preferably power 
transistors. They have control leads which are indicated in figure 1 by Gl to G6, The control 
leads correspond in particular to the gates of the power transistors. By applying appropriate 
control signals to the gates of the power transistors, the phase windings 1 12 to 1 16 of the DC 
motor are energized for the purpose of controlling its operation. Methods of controlling a 
brushless electronically commutated DC motor are described, for example, in DE 100 33 561 
Al and U.S. 6,400,109 Bl, to which reference is made. 

Using the form of a block diagram, figure 2 schematically shows the basic structure of the 
arrangement according to the invention. In figure 2, the reference number 24 indicates a 
brushless electronic DC motor, 26 a heat sink, 28 the power electronics and 30 the control 
electronics. The battery supply lines are indicated by 32. The constmction according to the 
invention illustrated schematically in figure 2, is shown in more detail in figure 3. 

In figure 3 the reference numbers 1 indicate a motor housing, 2 an electric motor, 3 a heat 
sink made of aluminum and 4 a space to accommodate the power and control electronics of 
the motor 2. 

The accommodating space 4 is enclosed by a cylindrical wall 5 which juts up from the heat 
sink 3 as an integral piece and ends in an upper annular flange 6 which is tightly screwed to a 
lower annular flange 7 of the motor housing 1 by means of screws 8. 
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The accommodating space 4 has a base 9 fomied by the heat sink within the cylindrical wall 5 
and on its underside, cooling fins 10 distributed evenly around the circumference, the sur- 
rounding air flowing through the spaces 10a between the cooling fins 10. 

Within the accommodating space, a first circuit board 1 1 is supported on the base 9 by means 
of spacers 12. This first circuit board 11 is of a conventional construction having a substrate 
layer made of a hard, electrically insulating plastic with poor thermal conductivity such as 
PTFE, and a single or double-sided copper coating for the purpose of creating tracks in the 
usual way on both the topside as well as on the xmderside of the substrate layer where appli- 
cable. 

In an altemative embodiment of the invention, instead of using spacers 12, the circuit board 
1 1 can also be supported using a plinth or some other holding device which is firmly fixed to 
the cylindrical wall 5 of the heat sink 3. For example, the circuit board 1 1 can be fixed to a 
plinth of this kind by means of a screw. Alternatively, the circuit board 1 1 can also be ac- 
commodated in an appropriate recess in the wall 5. This embodiment has the advantage of 
providing a particularly vibration-proof support for the circuit board 1 1 . 

The circuit board 11 carries control electronic components 12a, 12b, 12c on its topside. 
Moreover, a capacitor is accommodated in an opening in the circuit board and electrically 
connected to it via connecting pins 14 which are soldered to the underside of the circuit board 
11. The capacitor 13 is supported directly on the metallic base 9 of the heat sink 3 via a metal- 
lic support 15, allowing any heat generated in the capacitor to be led off directly via the sup- 
port 15 to the heat sink 3. 

Furthermore, a circuit board 16 is fixed to the base 9, the circuit board 16 having a three- 
layered structure with an upper copper layer, an insulating layer made of a ceramic material 
with good electrically insulating and thermally conductive properties and a base layer made of 
a metal that conducts heat well such as aluminum or an aluminum alloy. Several power elec- 
tronic housings 17 are soldered to the topside of this circuit board and are soldered to the first 
circuit board 11 via bent connecting pins 18. The standard power electronic components are 
encapsulated in the power electronic housings 17. 

Connecting leads 19a, 19b are led from the topside of the circuit board 1 1 to the motor 2. In 
practice, these include signal lines and power lines. Further, a plug 20 for battery supply lines 
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21 is provided on the circuit board 1 1, the supply lines being led from the inner space 4 to the 
outside via a duct 22 in the wall 5. 

With the described arrangement, the components that heat up during operation, mainly the 
power electronic housings 17 including the power electronic components within and also the 
capacitor 13 are cooled down through their direct connection to the heat sink 3 in such a way 
that undue overheating of these components is prevented. 

By arranging the control electronic components 12a - 12c on a conventional, low-cost circuit 
board, expensive circuit board material, such as the material used in circuit board 16, can be 
saved. Arranging the circuit boards 11,16 one on top of the other in the inner space 4, as il- 
lustrated and described, saves space. 

Figure 4 schematically shows the arrangement of the power transistors, such as the transistors 
122* - 132' from figure 1, on a supporting plate, for example the second circuit board 16. Each 
power transistor has a power electronic housing and connecting pins which can be directly 
connected to the first circuit board 1 1 . 

Even should the electric motor 2 be used in harsh conditions, such as in a motor vehicle, the 
arrangement according to the invention will produce reliable continuous operation in a com- 
pact, hard-wearing overall design and construction. 

The characteristics revealed in the above description, the claims and the figures can be impor- 
tant for the realization of the invention in its various embodiments both individually and in 
any combination whatsoever. 
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